here are more than 600,000 sudden deaths in North America and Europe each year. More than half of these deaths occur before 65 years of age, which underscores the need for optimal cardiopulmonary resuscitation (CPR) strategies in order to improve patients' chances of survival.
Epinephrine has been used during CPR for more than 100 years 1 but has become controversial because it is associated with increased myocardial oxygen consumption, ventricular arrhythmias, and myocardial dysfunction during the period after resuscitation. 2 Since it was found that endogenous vasopressin levels in successfully resuscitated patients were significantly higher than levels in patients who died, it was postulated that it might be beneficial to administer vasopressin during CPR. 3 Laboratory studies of CPR revealed that vasopressin was associated with better blood flow to vital organs, 4 delivery of cerebral oxygen, 5 chances of resuscitation, 6, 7 and neurologic outcome 8 than epinephrine. In a small clinical study, the use of vasopressin resulted in a significantly higher rate of short-term survival than epinephrine, 9 indicating that vasopressin may be a reasonable alternative to epinephrine for vasopressor therapy during CPR.
The current international guidelines for CPR recommend the use of epinephrine during cardiac resuscitation, with vasopressin considered only as a secondary alternative, because clinical data on vasopressin therapy have been limited. 10, 11 We therefore conducted a clinical trial to assess the effects of vasopressin and epinephrine on survival among adults who have an out-of-hospital cardiac arrest and present with ventricular fibrillation, pulseless electrical activity, or asystole. The null hypothesis was that there would be no differences between the treatment groups in the rates of survival to hospital admission and survival to hospital discharge.
study patients
This study was conducted in 33 communities and involved 44 physician-staffed emergency medical service units in Austria, Germany, and Switzerland. Adult patients who had an out-of-hospital cardiac arrest and presented with ventricular fibrillation, pulseless electrical activity, or asystole requiring CPR with vasopressor therapy were included; the criteria for exclusion were successful defibrillation without the administration of a vasopressor, documented terminal illness, a lack of intravenous access, hemorrhagic shock, pregnancy, cardiac arrest after trauma, an age of less than 18 years, and the presence of a do-not-resuscitate order.
study design
The study was designed as a double-blind, prospective, multicenter, randomized, controlled clinical trial; the primary end point was survival to hospital admission, and the secondary end point was survival to hospital discharge. The protocol was approved by the institutional review board of each participating center. For all patients, the requirement of informed consent was waived in accordance with the ethical standards of the local institutional review board and the guidelines for good clinical practice of the European Agency for the Evaluation of Medicinal Products. 12 The patients' families and surviving patients were informed about the trial, and the protocol specified that if there were any objections, the patient would be withdrawn from the study; there were no objections. Treatment assignments to the study drugs were randomly generated in blocks of 10, with stratification according to center. If all criteria for inclusion were met and none of the criteria for exclusion were met, patients who presented with pulseless electrical activity or asystole underwent randomization immediately; patients with ventricular fibrillation underwent randomization after the first three attempts at defibrillation had failed.
When a given patient underwent randomization, a box containing the study drugs -either two ampules of 1 mg of epinephrine (Suprarenin) or two ampules of 40 IU of vasopressin (Pitressin) -was opened, and either 1 mg of epinephrine or 40 IU of vasopressin was injected. The authenticity of both drugs was confirmed with the use of highpressure liquid chromatography. If spontaneous circulation was not restored within three minutes after the first injection of the study drug, the same drug at the same dose was injected again. If spontaneous circulation was still not restored, the patient was given an additional injection of epinephrine at the discretion of the emergency physician who was managing the CPR attempt. All drugs were injected exclusively intravenously, followed by 20 ml of normal saline.
Investigators and physicians were unaware of the study-drug assignment unless decoding became clinically necessary for management in the period after resuscitation; if this occurred, the data and t methods safety monitoring committee was to be informed. Additional interventions such as the administration of sodium bicarbonate, atropine, lidocaine, or amiodarone and fibrinolysis were used at the discretion of the physician managing the CPR attempt.
documentation
The CPR attempt was documented according to the Utstein style 13 ; data were entered into a data base by one investigator and were subsequently independently cross-checked twice by two other investigators who were unaware of the treatment-group assignment. Original data were made available to the data and safety monitoring committee for independent scrutiny. Neurologic function in the surviving patients was categorized according to a cerebral performance score. 14 
statistical analysis
An estimation of the number of patients needed was derived during the analysis of another study of out-of-hospital cardiac arrest. 15 The calculation was based on a possible drug-related improvement in the outcome of 25 percent, a significance level of 0.05, two-tailed analysis, and a power of 80 percent. According to this calculation, 571 patients per group might be necessary in order to show a clinically significant difference in the rates of hospital admission between the two treatment groups; the addition of a safety margin of 30 percent resulted in an estimate of 1500 patients for the entire trial. Analysis was performed according to the intention-to-treat principle; the chi-square test was used to determine differences between groups with respect to the primary and secondary end points. Odds ratios and their 95 percent confidence intervals were calculated. Comparisons of patient characteristics and survival outcomes were tested with the chi-square test, the chi-square test for trend, Fisher's exact test, or Student's t-test, as appropriate. Logistic-regression analysis was used to control for possible confounding effects of variables related to the different end points. All P values are two-sided; no corrections were made for multiple comparisons.
The study was conducted from June 1999 to March 2002; only one internal, blinded administrative interim analysis was performed in June 2000 after the randomization of 200 patients, and the results were revealed only to the data and safety monitoring committee. This analysis established that the study was safe, that randomization was working properly, and that no adverse events had been reported. Since funding had ended by December 2001, enrollment was stopped in March 2002. The treatment groups had similar clinical profiles (Tables 1 and 2) ; 88 of the patients who underwent randomization were later shown to meet criteria for exclusion, but they were included in the final analysis on an intentionto-treat basis. Thirty-three patients had to be excluded from the analysis because of a missing studydrug code (the characteristics of the patients who were included were similar to those of the patients who were excluded), and no significant differences were observed among different centers (Fig. 1) .
The rate of survival to hospital admission was higher among patients with a witnessed cardiac arrest than among those with an unwitnessed cardiac arrest [20. 7 percent], P<0.001). The rates of hospital admission were similar between the two treatment groups both for patients with ventricular fibrillation and for those with pulseless electrical activity. Patients with asystole, however, were more likely to survive to hospital admission and to hospital discharge if they were treated with vasopressin than if they received epinephrine as initial therapy (Table 3) . In an analysis including 732 patients in whom spontaneous circulation was not restored with the administration of the study results drug, additional treatment with epinephrine (median dose, 5 mg; interquartile range, 2 to 10) resulted in a significant improvement in the survival rate in the vasopressin group (P=0.007 by the chi-square test for trend) but not in the epinephrine group (Table 4). There was no significant difference between the two groups in cerebral performance (Tables 3  and 4 treatment assignment was disclosed) for five patients in order to optimize post-resuscitation care.
Our results did not confirm previous data that showed vasopressin to be more effective than epinephrine as adjunctive therapy in the treatment of patients with ventricular fibrillation and pulseless electrical activity. [4] [5] [6] [7] [8] [9] This discrepancy raises the question of whether vasopressin improves perfusion pressures during CPR in patients with these conditions but does not improve the outcome. 16 Similarly, although some studies in animals have suggested that high-dose epinephrine during CPR has beneficial effects, this strategy caused a hyperadrenergic state and was associated with higher early mortality in other studies that used a preparation for pigs. 17 Subsequent clinical studies with high-dose epinephrine did not show any benefit. 2 We were unable to determine whether problems in extrapolating from CPR performed in the laboratory to clinical experience were attributable to differences among species, the fact that our patients had underlying disease whereas the laboratory animals were otherwise healthy, or differences between out-of-hospital CPR and CPR performed under laboratory conditions. In contrast to the findings regarding patients with ventricular fibrillation or pulseless electrical activity, we found that among patients with asystole, those who received vasopressin were about 40 percent more likely than those given epinephrine to reach the hospital alive. The extreme ischemia in patients with asystole may suggest a possible underlying mechanism. As has been shown in an in vitro study, vasopressin has vasoconstricting efficacy discussion 19 vasopressin may be a better option than epinephrine for patients with asystole, who normally have the worst chance of survival of all patients with cardiac arrest. This post hoc observation could be tested in a trial restricted to such patients, for whom few treatment options are available. In addition, improvement in the rate of survival to hospital discharge among patients who were treated with epinephrine after vasopressin may indicate that the interactions among vasopressin, epinephrine, and the underlying degree of ischemia during CPR may be more complex than was previously thought. When prolonged asphyxia has depleted endogenous epinephrine levels and caused fundamental ischemia in pigs, the administration of vasopressin combined with epinephrine results in coronary perfusion pressures triple those achieved with either epinephrine or vasopressin alone. 20 This finding suggests that the presence of one of these drugs may enhance the effects of the other, especially during prolonged ischemia. These data from experimental CPR are in agreement with the results of our current clinical trial, in which the combination of vasopressin and epinephrine was effective in patients about 25 minutes after cardiac arrest, at a time when a severe degree of ischemia must be assumed, but increasing doses of epinephrine alone were not effective.
In a recent study of in-hospital CPR in which vasopressin and epinephrine were reported to have * Eleven patients in the vasopressin group (1.9 percent) and nine in the epinephrine group (1.5 percent) were lost to follow-up before hospital discharge. Eleven of the patients in the vasopressin group and 12 of the patients in the epinephrine group who survived to hospital discharge (19.3 percent and 20.7 percent, respectively) were lost to follow-up for cerebral performance. P values were not adjusted for multiple comparisons. An odds ratio of less than 1.0 represents an advantage for vasopressin. CI denotes confidence interval. similar effects, 87 percent of the patients in the vasopressin group also received epinephrine. 21 The usefulness of the deliberate administration of the combination of vasopressin and epinephrine during CPR is supported by clinical observations that the administration of epinephrine followed by vasopressin significantly improved coronary perfusion pressure, 22 the likelihood of restoration of spontaneous circulation, 23 and 24-hour survival rates. 24 The potential of this approach was demonstrated in our study by the improvement in the rates of survival to hospital discharge. Among patients who needed additional treatment with epinephrine, many patients with a good neurologic outcome received the combination of vasopressin and epinephrine, but this strategy also resulted in an increase in the number of comatose patients as compared with the use of epinephrine alone, although the difference was not statistically significant. This finding indicates that the combination of vasopressin and epinephrine effectively restored heart function but took effect too late to restore brain function in some patients. When one is starting a CPR attempt, it is difficult to predict what the level of brain function will be after resuscitation. 25 For example, of five patients with asystole in whom no bystander performed CPR (indicating that they had severe prolonged ischemia) who were resuscitated with the combination of vasopressin and epinephrine, four remained comatose, and only one had good cerebral performance at hospital discharge.
A multivariate analysis confirmed the results of previous investigations showing that patients whose * Four patients in the vasopressin group (1.1 percent) and four in the epinephrine group (1.1 percent) were lost to followup before hospital discharge. Three of the patients in the vasopressin group and one patient in the epinephrine group who survived to hospital discharge (17.4 percent and 16.7 percent, respectively) were lost to follow-up for cerebral performance. P values are not adjusted for multiple comparisons. An odds ratio of less than 1.0 represents an advantage for vasopressin. CI denotes confidence interval. cardiac arrest was witnessed had a chance of survival more than twice that of patients who had an unwitnessed cardiac arrest, because CPR could be initiated earlier. 26 Correspondingly, the provision of basic life support within 10 minutes after the cardiac arrest resulted in a doubling of the rate of survival to hospital admission, validating the fundamental value of the early provision of basic life support. 27 In our trial, amiodarone and fibrinolysis were administered at the discretion of the physician who was managing the CPR attempt. Both of these interventions resulted in improved rates of survival to hospital admission, as has also been shown in other studies. 28, 29 Our study had some important limitations. Fewer patients underwent randomization than we intended, and the primary end point of survival to hospital admission is not optimal but is realistic for a trial of this type. The clinical care of successfully resuscitated patients in the emergency room, intensive care unit, ward, and rehabilitation facilities may vary among hospitals and could not be standardized by our study protocol, but it may have profoundly influenced outcomes. We did not collect doseresponse data, and the cause of cardiac arrest could not be verified; both factors may have affected the success of CPR. Although the rate of survival to hospital discharge (9.7 percent) compares favorably with those cited in other reports, 2.2 percent of our patients were comatose at hospital discharge before being transferred to a rehabilitation facility. Our data do not show whether hypothermia during the period after resuscitation could also have improved neurologic recovery, as has recently been described. 25 In conclusion, the effects of vasopressin were similar to those of epinephrine in the management of ventricular fibrillation and pulseless electrical activity, but vasopressin was superior to epinephrine in patients with asystole. The use of vasopressin followed by epinephrine may be more effective than the use of epinephrine alone in patients with refractory cardiac arrest. We are indebted to the paramedics, firefighters, emergency medical technicians, nurses, secretaries, and students who participated in the study; to our families for their dedicated help, advice, encouragement and support; to Drs. Pamela Talalay and Henry R. Halperin for editorial assistance; and to the patients for their trust. 
